Penetrating injuries to the extremities are common in the trauma setting and can be associated with life-and limb-threatening vascular injuries. 1 For patients with hard signs of vascular injury, emergent operative intervention is indicated. Controversy continues to exist regarding the management of patients without hard signs of vascular injury-specifically, whether advanced imaging should be performed or whether physical examination is adequate to exclude the presence of vascular injuries requiring urgent or emergent operative intervention.
Studies published in the 1990s refuted the theory that conventional angiography was mandatory to detect all vascular injuries in patients with penetrating trauma to the extremity (PTE) with no hard signs of vascular injury. [2] [3] [4] [5] [6] This practice fell out of favor, with management moving toward a physical examination-based approach for the detection of clinically relevant vascular injuries. With the rapid availability of computed tomography (CT) scanners in trauma centers, the use of CT angiography (CTA) has increased steadily to become a routine part of the workup of these patients, thus potentially following a similar erroneous pathway in the evaluation of these injuries. 7, 8 The purpose of this study was to evaluate the efficacy of physical examination findings compared with CTA in the detection of clinically significant vascular injuries associated with PTE.
Methods
This was a retrospective chart review of all trauma patients at a level 1 trauma center with PTE from January 2013 to June 2016. After approval by our institutional review board, the trauma registry was queried for all patients with an International Statistical Sources of support: none. Presented at the 12 th Annual Academic Surgical Congress in Las Vegas, NV, February 7-9, 2017.
Classification of Diseases Code consistent with a PTE. The medical records for these subjects were then reviewed to determine if they met the inclusion criteria for the study. Patients with PTE to the upper and/or lower extremities were included. Exclusion criteria included patients who had sustained only superficial lacerations or who demonstrated hard signs of vascular injury, defined as an absent pulse or the presence of one of the following: bruit/thrill, pulsatile hemorrhage, expanding hematoma, evidence of limb ischemia, or compartment syndrome. Patients with soft signs of vascular injury were included in the study; soft signs consisted of patients with a decreased pulse examination compared with the contralateral side, history of substantial hemorrhage at scene, proximity of injury to major vessel, or peripheral nerve deficit. Patients with associated bone fractures were also included in the study. Data collected included demographics, findings on physical examination, radiologic results, hospital course, and clinical outcomes. Outcomes were analyzed for patients with PTE, with particular focus given to missed injuries. Categorical data were compared using Fisher exact test.
Results
During the study period, over 14,000 patients were evaluated at our trauma center. Review of the trauma registry and medical charts identified 393 patients who met the inclusion criteria (Fig) . Demographics revealed a mean age of 31.2 ± 15.0 years, with a male predominance (93%). The most common mechanism of injury was gunshot wound (79.5%), followed by knife stab wound (1.4%).
We identified 114 patients with PTE and no hard signs of vascular injury on physical examination who underwent a CTA during their initial trauma evaluation at the discretion of the trauma team (Fig). Comparison of the number of CTAs performed in 2013-2014 (92/174; 53%) and those performed in 2015-2016 (22/219; 10%) revealed that number of CTAs decreased over time (P < .0001). Soft signs and/or diminished (yet present) distal pulses were documented in 29 of the 114 (25.4%) patients who underwent CTA, indicating that the remaining 85 subjects who underwent CTA had a completely normal vascular examination.
None of the 114 patients who underwent CTA had documented hard signs of vascular injury on initial physical examination. Four patients with a distal pulse documented on their initial trauma surveys were found to have vascular injuries on CTA (Fig) ; 3 of these patients had a loss of pulse in the extremity on repeat examination, and all 4 underwent exploration in the operating room with open surgical repair (Table I) . One patient who did not undergo CTA on initial evaluation had a delayed presentation of a missed injury; he had sustained a knife stab wound to the thigh and was discharged from the trauma center because physical examination identified no hard signs of vascular injury. Two weeks later, he returned to the hospital with thigh swelling and pain and was found to have a pseudoaneurysm of the profunda femoris. Endovascular embolization of the pseudoaneurysm and fasciotomy of the leg were performed, with the patient recovering full function of the limb. None of these injuries resulted in loss of life or limb. The remaining 110 patients who underwent CTA had no abnormalities requiring operative or endovascular repair. These findings indicate that serial vascular examinations in the setting of PTE have an accuracy of 99.5% (391/393) in identifying vascular injuries that will require procedural intervention.
The hospital charge for CTA of an extremity, including facility fees and physician interpretation, was over $5,000 for each imaging examination, resulting in over $700,000 in hospital charges incurred during the study period (Table II) . CTA required administration of intravenous contrast, with development of a contrast allergic reaction in one patient and a subsequent increase in baseline creatinine to >2.0 mg/dL within 48 hours of admission in 12 other patients, suggesting onset of acute kidney injury.
Discussion
Management strategies for PTE have changed over time. Historically, all injuries were explored in the operating room. This practice changed in the 1970s with the advent of conventional angiography; patients with hard signs of vascular injury were still managed in the operating room with operative exploration, whereas those with soft signs or proximity to the major vessels underwent angiography. Conventional angiography, however, is an invasive test that is time consuming, labor intensive, and expensive, and is associated with adverse events, such as contrast reactions and local complications. These negative effects prompted trauma surgeons to assess the role of angiography in the routine evaluation of PTE.
In the 1990s, multiple studies challenged the utility of angiograms when used for patients with PTE who had no hard signs of vascular injury. [2] [3] [4] [5] [6] Although angiograms were abnormal in a minority of cases, more than 90% of the abnormalities detected did not require emergent intervention. 2 Cases that did require eventual operation were usually pseudoaneurysms that enlarged over time, with patients experiencing no long-term morbidity or limb loss. 4 Review of the data confirmed that physical examination detected nearly 100% of vascular injuries that required urgent or emergent operative intervention. 5 Long-term follow-up at 5 and 10 years postinjury verified that reliance on physical examination alone for initial evaluation of PTE and conservative, nonoperative management for clinically occult injuries identified on angiogram are safe practices. 6 The medicolegal aspects of care must be considered with any guideline that proposes elimination of routine imaging studies. Very few diagnostic protocols enjoy 100% accuracy; thus, the limitations of CTA in PTE must be addressed. Although this modality has a high sensitivity and specificity for detection of vascular injuries, there are factors that limit its effectiveness. Interpretation of CTA can be limited by ill-timed bolus administration, streak artifact, and patient movement. 9 The findings of our study and previous studies provide reassurance to practitioners that forgoing CTA during initial evaluation of patients with PTE and no hard signs of vascular injury will not miss any injuries causing loss of life or limb. These findings led to changes in trauma management, with angiography falling out of favor and practitioners relying on physical examination findings alone to determine need for the operating room.
Nevertheless, it is difficult for practitioners to resist the lure of advanced imaging, even when it provides no benefit to the patient. Unlike conventional angiography, CT scanners are ubiquitous, easily accessible, available at all times, rapidly obtained, and offer accurate and detailed findings. Therefore, reliance on physical examination has been disregarded, as the CTA has replaced conventional angiography as a routine part of the workup in patients with PTE.
Our study focused on the specific population of trauma patients with PTE without hard signs of vascular injury. Previous studies that have examined the use of CTA in trauma patients with extremity injuries have included heterogeneous populations with both blunt and penetrating mechanisms, making it difficult to interpret their study results. [10] [11] [12] [13] [14] Most studies published in the literature that were limited to patients with penetrating injuries did not exclude patients with hard signs of vascular injury. [15] [16] [17] One study published similar findings to ours, demonstrating that patients with penetrating trauma to the lower extremities and a normal anklebrachial index did not require CTA and could be discharged home safely from the trauma center. 18 We have yet to find a case in which obtaining an ankle-brachial index on a patient provided any definitive evidence for operative intervention beyond that found on physical examination alone.
The findings in this study show that CTA adds minimal accuracy (0.5%) to physical examination in identifying the need for procedural intervention in patients with PTE and no hard signs of vascular injury. There was no death or morbidity in the 2 patients in whom a missed injury was identified on CTA. Yet CTA has become an almost routine part of the workup for patients with PTE, despite its financial costs and known adverse events, such as allergic reaction or contrast-induced nephropathy. Over the course of the study period, the routine use of CTA in this patient population decreased at our institution. This decrease is thought to be due to multiple factors, including educational efforts to bring awareness to the trauma team and emergency medicine department that refraining from advanced imaging is a safe practice and that CTA provides negligible utility over physical examination. Given that CTA adds little to improve patient care for this population of trauma patients, the financial costs associated with this imaging test are substantial. Because only 2 injuries failed to be identified on initial or repeat physical examination, routine use of CTA is not a cost-effective strategy because charges amounted to over $350,000 for each vascular injury identified.
As a retrospective chart review, this study has several limitations, specifically with regard to potential missing data in the registry or medical chart that could skew the results. Data on soft signs of vascular injuries could not be collected consistently due to the retrospective study design. Additionally, patients in the non-CTA group who were discharged and developed symptoms of vascular injury later may have been lost to follow-up if they sought medical care at another facility, although this weakness is partially mitigated by the fact that our institution is the only level 1 trauma center in the region. Because this study was conducted at a level 1 trauma center, resources, such as in-house trauma surgeons and on-call vascular surgeons, may not be available in nontrauma centers or community hospitals. Practitioners at these smaller community hospitals can easily recognize signs that require immediate operative intervention, such as absent pulse, active pulsatile blood flow, expanding hematoma, and presence of a bruit or thrill, but evaluating for limb ischemia or compartment syndrome can be more difficult for those with little experience in managing these patients. Rather than obtaining a routine CTA in every patient with a PTE and potentially delaying intervention for patients who require an operation, it may better serve these patients to be transferred immediately to a trauma center for evaluation by a trained trauma team that can decide whether a patient requires immediate operative intervention, CTA imaging, and admission and observation in the hospital or discharge home.
During the study period, no specific protocols were in place for the evaluation of PTE. Evaluation with measurements of anklebrachial index and/or CTA was left to the discretion of the trauma team, which may have introduced bias between the 2 study groups. There may have been baseline differences in the group of patients who underwent CTA versus those who had no advanced imaging that could explain why practitioners ordered CTA. Also, we cannot determine whether the increase in creatinine in our study population was due to contrast given for the CTA. Causes of acute kidney injury in trauma patients can be multifactorial, including hypoperfusion from hemorrhagic shock, and recent studies have questioned whether intravenous contrast is associated with acute kidney injury in the trauma population. 19, 20 Finally, it is important that the findings in this study not be extrapolated to a different population of trauma patients, as we only included PTE without hard signs of vascular injury in our study population. Future prospective multi-institutional studies conducted on a larger scale through trauma societies, such as The American Association for the Surgery of Trauma or the Eastern Association for the Surgery of Trauma, would allow us to validate the findings of this study.
Conclusions
CTA often is performed routinely in the evaluation and management of PTE, regardless of physical examination findings. This imaging modality is associated with multiple health risks to patients and excessive costs while adding little to the accuracy of managing these injuries. Utilizing CTA in the setting of a physical examination with no findings of vascular injury is burdensome to patients and the health care system. Patients with PTE and no hard signs of vascular injury do not require CTA for safe and accurate assessment of vascular injuries with an urgent or emergent need for operative or endovascular repair. Serial physical examination provides accurate detection of vascular injury requiring urgent or emergent intervention in trauma centers with the staff and resources to do so.
